We reviewed 34 knees in 24 children after a double-elevating osteotomy for late-presenting infantile Blount's disease. The mean age of patients was 9.1 years (7 to 13.5).
All knees were in Langenskiöld stages IV to VI. The operative technique corrected the depression of the medial joint line by an elevating osteotomy, and the remaining tibial varus and internal torsion by an osteotomy just below the apophysis. In the more recent patients (19 knees), a proximal lateral tibial epiphysiodesis was performed at the same time.
The mean pre-operative angle of depression of the medial tibial plateau of 49˚ (40˚ to 60˚) was corrected to a mean of 26˚ (20˚ to 30˚), which was maintained at follow-up. The femoral deformity was too small to warrant femoral osteotomy in any of our patients. The mean pre-operative mechanical varus of 30.6˚ (14˚ to 66˚) was corrected to 0˚ to 5˚ of mechanical valgus in 29 knees. In five knees, there was an undercorrection of 2˚ to 5˚ of mechanical varus. At follow-up a further eight knees, in which lateral epiphysiodesis was delayed beyond five months, developed recurrent tibial varus associated with fusion of the medial proximal tibial physis.
Blount,
1 in his classic article in 1937, described two types of tibia vara: infantile, which appears before the age of four years and adolescent (late-onset) which appears after five years of age. If the infantile type is not treated early, depression of the proximal medial tibial plateau can occur, with tibial varus and internal torsion. [2] [3] [4] [5] Some authors have also described anterior bowing of the proximal tibia 6 and distal femoral valgus. 7 Langenskiöld and Riska 2 were the first to propose in 1964 elevation of the medial tibial plateau for late-presenting infantile Blount's disease. Subsequent case reports were published by Siffert, 8 Støren, 9 and Sasaki et al. 10 Larger series by Gregosiewicz et al 11 (13 knees) and Schoenecker et al 7 (seven knees) popularised this technique. The tibial varus was corrected by a valgus tibial osteotomy, either simultaneously or at a separate operation. Gregosiewicz et al 11 used the wedge of bone removed from the tibial valgus osteotomy to maintain the elevated medial condyle and coined the term double-elevating osteotomy.
The aetiology of Blount's disease remains unknown. However, inhibition of growth of the medial proximal tibial physis due to increased pressure in a varus knee can occur. 2, 5, 6 This results in delayed ossification of the medial tibial epiphysis and metaphysis. In late-presenting infantile Blount's disease, the inhibition of growth may result in abnormal endochondral ossification and premature medial physeal arrest. 8 This is probably why a single valgus osteotomy before the age of four years is successful in 60% to 75% of patients, while in older children repeat osteotomies are needed in 60% to 65% of cases.
3,5 Although Langenskiöld and Riska, 2 Schoenecker et al 7 and Sasaki et al 10 advised that concomitant epiphysiodesis should be performed when undertaking a double-elevating osteotomy, it is not routinely advised by other authors. 8, 9, 11 Between 1994 and 2000, we performed a double-elevating osteotomy on 24 children (34 knees) and now present our results.
Patients and Methods
All procedures were performed or supervised by the senior author (EBH).
The first series of 11 patients (15 knees) was treated between 1994 and 1997. Recurrent tibial varus because of closure of the medial tibial physis necessitated a delayed (three to 12 months after the osteotomy) epiphysiodesis of the lateral proximal tibia and fibula in all 15 knees. It became obvious that closure of the medial growth plate was inevitable and there-fore a concomitant lateral epiphysiodesis was performed in the second series of 13 children (19 knees) who were treated between 1998 and 2000.
The mean age of patients at the time of surgery was 9.1 years (7 to 13.5). Seventeen were girls and seven were boys. Fifteen (63%) children were obese and above the 95 th percentile weight for age. Nine (eight patients) of the 34 knees had undergone a previous valgus osteotomy. Ten patients (42%) had bilateral infantile tibia vara. Six of the 14 patients with unilateral involvement had adolescent (late-onset) Blount's disease in the contralateral knee. Clinical details. All patients had severe genu varum and displayed a lateral thrust on walking. They tested positive for the Stiffert-Katz sign, that is, stable in extension, but unstable posteromedially in 20˚ of flexion. 12 On prone examination all had an abnormal foot-thigh angle, with 0˚ to 40˚ of internal tibial torsion.
At follow-up the following clinical parameters were assessed: limb alignment, leg-length discrepancy using a tape measure and blocks, the range of knee movement, knee stability and tibial rotation.
Radiology. The mechanical axis was assessed on long-leg standing radiographs with the patella pointing forwards. These views were taken pre-operatively, after removal of the plaster at union, every six months for the first year postoperatively and at final follow-up. In patients with a severe varus deformity only one limb could fit on a radiographic plate for the mechanical axis view. The immediate postoperative view with the limb in plaster was performed with the patient supine.
Pre-operative anteroposterior radiographs of both knees (supine) were undertaken to assist with Langenskiöld staging while pre-and post-operative lateral radiographs of the tibia were taken in order to assess anterior bowing.
Staging according to Langenskiöld and Riska 2 was performed on the anteroposterior radiograph of the knee. All the knees were in stages IV to VI (10 stage IV, 6 stage V and 18 stage VI).
The relevant radiological angles are illustrated in Figure  1 . The mean pre-operative mechanical varus was 30.6˚ (14t o 60˚). The angle of the medial tibial plateau, i.e. the angle between the medial and lateral tibial plateau, had a normal value of 20˚ to 30˚. 8 The mean pre-operative angle of depression of the medial tibial plateau was 49˚ (40˚ to 60˚). The medial and lateral tibial angles described by Paley and Tetsworth 13 are formed by the mechanical axis of the tibia and a line across the tibial plateaux. In late-presenting infantile Blount's disease the medial tibial angle does not separate the depression of the medial tibial plateau from the tibial varus. We therefore used a tibial varus angle to measure the true tibial varus, independent of the depression of the medial plateau. This angle is subtended by the mechanical axis of the tibia and a line from the lateral tip of the lateral tibial plateau to the top of the intercondylar eminence ( Fig. 1) . In a subgroup of normal limbs, this angle was found to have a normal range of between 75˚ and 85˚. The mean pre-operative tibial varus angle in our patients was 102˚ (90˚ to 135˚).
The distal lateral femoral angle was used to assess concomitant femoral deformity. 13 Twelve knees had a normal angle of 87˚. Seven had mild valgus, with a mean of 84˚ (80t o 86˚), and 15 had mild varus with a mean of 90˚ (88˚ to 94˚). No knee had femoral deformity (> 10˚) sufficient to require a femoral osteotomy.
Operative technique
We prepare the iliac crest for the harvesting of a tricortical graft before inflating the limb tourniquet in order to save tourniquet time.
Osteotomies. Through a separate lateral incision a midfibular osteotomy is performed, excising 1 cm subperiosteally. An anteromedial curved incision is made to enable both tibial osteotomies to be performed through one incision.
The elevating osteotomy of the medial tibial plateau is performed from below the metaphyseal beak to the intercondylar area under image-intensifier control. An appropriately-sized wedge of iliac crest and the excised fibula are used as a strut. The tricortical wedge is held with a transverse 1.6 mm Kirschner wire and cut flush with bone. We then perform a barrel-vault osteotomy just below the tibial apophysis to correct the remaining tibial varus to within 0˚ 12) . Subsequently, earlier epiphysiodesis at three to five months was performed on the remaining seven knees (five patients), until we changed to our current policy of concomitant epiphysiodesis.
Concomitant. In the subsequent 13 children (19 knees) treated between 1998 and 2000, a concomitant lateral proximal tibial and fibular epiphysiodesis was performed percutaneously (Fig. 2) . In unilateral cases a percutaneous epiphysiodesis of the contralateral proximal tibia and fibula was also performed. Bilateral cases were operated upon with an interval of two Anteroposterior radiographs of the right knee taken a) pre-operatively to show stage VI disease 2 with a mechanical axis varus of 30˚, an angle of depression of the medial tibial plateau of 40˚, a tibial varus angle of 100˚ and a normal distal lateral femoral angle of 87˚, and b) follow-up at two years showing the mechanical axis, the angle of depression of the medial tibial plateau and the tibial varus angle to be unchanged. weeks. An above-knee plaster was used post-operatively for six weeks.
Results
There were three complications. Two patients had wound sepsis, one resulting in wound breakdown requiring a splitskin graft. One tibia required an extension osteotomy for failure to correct anterior tibial bowing fully, 15 months after the first operation. Three Kirschner wires and four Steinmann pins migrated after union, becoming prominent subcutaneously, and were removed under local anaesthesia. The mean follow-up was 2.9 years (2 to 6) and the mean age at follow-up was 12.3 years (10 to 17). Five patients (seven knees) were skeletally mature. Clinical findings. Of the 34 knees, 21 were in neutral or slight valgus at follow-up. Thirteen were in slight varus but the patients were happy with the cosmetic result. All were stable and had a full range of movement. There was no lateral thrust on walking and the Siffert-Katz sign was negative. The foot-thigh angle ranged from 10˚ to 25˚ of external rotation. No patient had a leg-length discrepancy greater than 1 cm. Radiological findings. The radiological parameters pre-operatively, post-operatively at union, and at follow-up are shown in Table I (all 34 knees), Table II (15 knees with  delayed epiphysiodesis) and Table III (19 knees with concomitant epiphysiodesis) .
The mean pre-operative mechanical varus of 30.6˚ was corrected to 0˚ to 5˚ of valgus in 29 of the 34 knees postoperatively. Five knees were undercorrected and had residual varus of 2˚ to 5˚. At follow-up it was found that in 21 knees the valgus correction was maintained. All of these had concomitant or early ( ≤ 5 months) lateral epiphysiodesis. Thirteen knees were in varus (2˚ to 10˚). Of these, five were originally undercorrected (2˚ to 5˚), and no change in varus occurred. The remaining eight (5˚ to 10˚) had a delay of more than five months before lateral epiphysiodesis (mean 10.8 months, 6 to 12).
The mean angle of depression of the medial tibial plateau of 49˚ was corrected to a mean of 26˚ (20˚ to 30˚). This was maintained in all cases at follow-up.
The mean pre-operative tibial varus angle of 102˚ (90˚ to 135˚) was corrected to normal (mean 77.4˚ (75˚ to 85˚)) post-operatively in the 29 knees with a valgus mechanical axis of 0˚ to 5˚. At follow-up the 21 knees with early ( ≤ 5 months) or concomitant lateral epiphysiodesis maintained this correction (mean 80˚ (75˚ to 85˚)) (Fig. 3) . In the eight knees with a delay (> 5 months) to epiphysiodesis (mean 10.8 months, (6 to 12)) the tibial varus angle increased to a mean of 92˚ (90˚ to 97˚) (Fig. 4) .
Of the eight knees with a delay of more than five months to epiphysiodesis, six were stage IV or V2 and at six months after operation fusion of the medial growth plate had occurred. At the final follow-up the medial physis was fused in all patients. Five patients (seven knees) were skeletally mature. The lateral physis fused successfully in all knees after percutaneous epiphysiodesis.
Discussion
Patients with late-presenting (after four years of age) infantile Blount's disease have severe and resistant deformities. Before double-elevating osteotomy was popularised by Gregosiewicz et al 11 in 1989 and Schoenecker et al 7 in 1992, many of our patients required multiple tibial valgus osteotomies.
The term double-elevating osteotomy coined by Gregosiewicz et al 11 is a misnomer. Only the medial tibial plateau is elevated. In the tibial shaft a valgus osteotomy is performed by removing a laterally-based wedge of bone, which is then used to support the elevated tibial plateau. We found it difficult to correlate the size of the wedge needed to support the plateau with the amount of tibial valgus required. We therefore abandoned this technique after the first three cases, but still use the term double-elevating osteotomy.
Once the medial tibial plateau has been elevated and supported by the tricortical iliac wedge, the knee becomes stable. A horizontal 1.6 mm Kirschner wire is adequate to hold the wedge. We do not think that the plates and screws as described by Schoenecker et al 7 are necessary. The stable knee now allows a valgus derotation osteotomy of the tibia to be performed, and fixed by the two crossed 2.4 mm Steinmann pins.
Stanitski, Stanitski and Trumble 14 have questioned the existence of the depression of the medial tibial plateau. They performed MRI on all their 13 knees pre-operatively and an arthrogram in 11 knees at surgery. No depression of the medial plateau was demonstrated on MRI and the apparent empty space on plain radiography was occupied by articular cartilage or the meniscus. The arthrogram demonstrated a smooth contour and paralleled the distal femoral condyle. This has not been our experience. In our earlier cases the medial joint was opened, and our findings were similar to those described by Siffert and Katz, 12 i.e. posteromedial joint depression and a hypertrophic medial meniscus. The patients in our study had more severe disease. Six of the 13 knees in the study of Stanitski et al 14 were in Langenskiöld stage III, which by definition has no depression of the medial plateau, and all the patients were aged eight years or younger. Also in severe Blount's disease the tibia subluxes laterally so that the intercondylar area of the tibia pivots at a point of contact on the medial aspect of the lateral femoral condyle. The meniscus shifts to allow the femur to sag into the tibial depression and the articular surfaces of the medial compartment become parallel. 6, 8, 12 This is probably why the lateral and not the medial compartment develops degenerative changes in untreated infantile Blount's disease followed up into early adult life. 4, 5 Schoenecker et al 7 were the first to address the problem of femoral deformity in infantile Blount's disease. Four of the seven knees in their study had sufficient valgus (> 10˚) to warrant a femoral osteotomy, undertaken either before the tibial procedure or simultaneously. None of our patients showed a deviation of more than 7˚ from the normal distal lateral femoral angle, and therefore femoral osteotomy was not thought to be necessary. This differs from the experience in adolescent (late-onset) Blount's disease. Kline, Bostrum and Griffin 15 reported a mean of 10˚ of femoral varus contributing 56% to the total varus in six patients with adolescent Blount's disease and van Huyssteen et al 16 reported a mean of 11˚ of femoral varus contributing 55% of the total varus in nine of 14 knees. Wenger, Mickelson and Maynard 17 postulated that the ossified proximal medial tibial epiphysis in adolescent Blount's disease was less vulnerable to deformity than the poorly ossified epiphysis in the infantile form. In adolescent Blount's disease the pressure from the varus deformity is shared between the medial proximal tibial and distal femoral physis, while in infantile Blount's disease most of the pressure is exerted on the unossified tibial physis, with less effect on the femoral growth plate. The lateral subluxation of the tibia also decreases the forces on the medial femoral growth plate.
Eighteen of the 34 knees in our study had stage VI disease with fusion of the medial tibial physis. The five patients (seven knees) who were skeletally mature at follow-up had stage VI disease. There are three possible reasons why the ten knees in stage IV and the six in stage V fused medially. The so-called anteroposterior radiograph of the knee may have been an oblique view of the proximal tibia, resulting in an understaging of the damage to the medial joint. The inhibition of growth of the medial tibial physis may have become irreversible in spite of the corrective osteotomy, because of repetitive chondrocyte injury, with resultant loss of normal endochondral ossification. 2, 8 This has been confirmed histopathologically (disorganisation and malalignment of physeal zones) by Golding and McNeil-Smith 6 in infantile and by Wenger et al 17 and Carter et al 18 in adolescent Blount's disease. The elevating osteotomy of the medial plateau may have resulted in increased pressure on the already inhibited growth plate and accelerated physeal closure although the purpose of the operation was to correct the varus alignment to neutral.
Recently, external fixation has become popular, as first reported by Price, Scott and Greenberg. 19 The main advantages of external fixation seem to be that it can be used for leg lengthening and is less cumbersome than plaster in obese, adolescent patients.
Leg-length discrepancy should not be a problem in bilateral cases (ten of 24 patients in our study) and in unilateral cases can be avoided by performing a simultaneous epiphysiodesis of the contralateral proximal tibia and fibula. None of our patients had a discrepancy of more than 1 cm. Moseley 20 suggested that the maximum acceptable shortening of a limb at maturity was 5 to 6 cm. Therefore, using the growth chart of Anderson, Green and Messner, 21 the minimum skeletal age for surgery should be seven years for girls and eight years for boys.
The disadvantages of external fixation are the long period of treatment (6 to 8 months) and the relatively high rate of complications. 22, 23 In the study by Jones et al 22 three of the seven patients had premature consolidation of the gradually elevated medial plateau and, although the leg lengthening was started after a second procedure, the tibial varus was not corrected. With our technique all the deformities were corrected in one operation. The medial plateau was elevated, the tibial varus and internal rotation corrected and recurrence was prevented by performing a concomitant lateral epiphysiodesis. In unilateral cases leg-length discrepancy was avoided by a simultaneous epiphysiodesis of the contralateral leg.
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